Establishment of Immunological-Based Assay and Molecular Assay for Rapid Detection of Vibrio harveyi  by Thongkao, Kanittada
 Procedia - Social and Behavioral Sciences  197 ( 2015 )  1627 – 1633 
Available online at www.sciencedirect.com
ScienceDirect
1877-0428 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Academic World Education and Research Center.
doi: 10.1016/j.sbspro.2015.07.211 
7th World Conference on Educational Sciences, (WCES-2015), 05-07 February 2015, Novotel 
Athens Convention Center, Athens, Greece 
Establishment of Immunological-Based Assay and Molecular Assay 
for Rapid Detection of Vibrio harveyi 
Kanittada Thongkaoa* 
aFaculty of Sciences and Technology,SuanSunandhaRajabhat University,  1 U-tong Nok Road,  Dusit District, Bangkok, Thailand. 10300 
Abstract 
Monoclonal  antibodies (MAbs) can be divided 2 groups by dot blotting.The first group consisted of MAb VH9-11B and VH20-
9C specific to 36 and 27 isolates of V. harveyi, respectively and showed cross reactivity with V. campbellii 3 isolates. The second 
group, of  MAb VH15-6G and VH17-1G were specific to certain  isolates of V. harveyiderived from different sources. In case of 
the PCR and loop-mediated isothermal amplification combined with lateral flow dipstick (LAMP-LFD) methods targeting the 
vhhP2 gene of V. harveyi, both methods accurately identified 22 isolates of  V. harveyi but did not detect 16 non-harveyiVibrio 
isolates, and 34 non-Vibrio bacterial isolates that can be used to distinguish V. harveyi from V. campbellii.  
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of Academic World Education and Research Center. 
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1. Introduction 
V. harveyi is a luminous gram-negative halophilic bacteria that has been recognized as the significant pathogenic 
in marine animal worldwide. This bacteria is a major causes Vibriosis, a fatal disease in penaeid shrimp widely 
distributed in both hatcheries and grow-out ponds which leads to severe economic losses have been reported 
globally in aquaculture industries (Alvarez, Austin, Alvarez, &Reyez, 1998; Lavilla-Pitogo, Lea~no, &Paner, 1998).  
The conventional method of V. harveyi is achieved through biochemical tests which are laborious, time 
consuming and several Vibrio species display similar biochemical characteristics that limit the identification of  
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within related species ( Sawabe et al., 2007) have a very high degree of both genetic and phenotypic, especially its 
sister species; V. campbellii and V. rotiferianus(Gomez-Gil et al., 2004). 
Serological methods offer an alternative approach for identification of V. harveyi. An enzyme-linked 
immunosorbent assay (ELISA) based on polyclonal antibodies has been  developed which recognized wide range of 
V. harveyi isolates and few V. harveyi related Vibrio spp. (Robertson et al., 1998). Therefore, has been the use of 
highly specific monoclonal antibodies (MAbs) against V. harveyi that have been developed as a simple dot blot 
assay (Phainphak et al., 2005). The detection of the MAb specific to virulent isolates of V. harveyi has been 
developed as a simple immunochromatographic strip test for pond-site detection that can be used by unskilled users 
(Sithigorngulet al.,  2007). However, the MAb test that was developed gave results for only highly virulent strains of 
V. harveyi. 
The several molecular techniques have been applied for bacterial identification and classification that are 
beneficial in the field of agricultural, environmental, industrial and medical (Sawanjit, 2012; Budsabun,Rattanawaree, 
&Malimart, 2008; Fakruddin et al., 2013). In addition,  a novel nucleic acid amplification method called loop-
mediated isothermal amplification (LAMP) was developed for rapid and sensitive nucleic acid amplification 
(Notomi et al., 2000). This technique used a set of at least four primers that recognize a total of six distinct 
sequences on the target DNA. The method relies on auto-cycling strand displacement of DNA synthesis performed 
by the Bst DNA polymerase which can be carried out in a short time under isothermal conditions. LAMP combined 
with chromatographic lateral flow dipstick (LFD) has been conducted to simplify and speed up the LAMP-based 
assay (Jaroenram, Kiatpathomchai, &Flegel, 2009). This generic LFD dipstick (MileniaBiotec, GieBen, Germany) 
detects biotin-labelled DNA amplicons that has been hybridized to a fluorescein isothiocyanate (FITC)-labelled 
DNA probe complex with gold-labelled anti-FITC antibody.This technique has been successfully reported to detect  
bacterial agents related to shrimp diseases including V. parahaemolyticus (Prompamorn  et al., 2011) and  
V. vulnificus (Surasilp et al., 2011). Even though, there are many reports to identify V. harveyi in molecular 
methods. However, these methods could not be used to detect all V. harveyi isolates and could not be differentiate  
V. harveyi from V. campbellii even using the effective taxonomic marker gene such as toxr, vhh, gyrb and LuxN 
(Pang et al.,  2005; Conejero, & Hedreyda, 2004; Hernandez,& Olmos, 2004; Thaithongnum et al., 2006; Defoirdt, 
Verstraete, & Bossier 2007). Later, Zhang, Sun and Sun (2008) was originally identified vhhP2 gene encoding a 
putative outer membrane protein from a pathogenic V. harveyi strain T4 from diseased fish that this gene is widely 
distributed in V. harveyi strains in different geographical locations and sources that this gene appeared to be a more 
appropriate species marker for V. harveyi. The experiment conducted by Sun (2009) a PCR primer set targeting to 
the vhhP2 gene, misidentified one of the V. campbellii isolate as V. harveyi. Therefore, in this study, a new set of 
PCR primer and LAMP-LFD assay targeting to vhhP2 gene of V. harveyi were developed. 
In this study is an attempt to generate Immunological-based assay for simple detection of luminous pathogenic 
bacteria V. harveyi and V. campbellii from producing monoclonal antibodies specific to V. harveyi  by alternative 
immunization with combination of different isolates of V. harveyi from different sources in order to stimulate the 
antibody response to the common epitope among various isolates of V. harveyi. The detectability could be improved 
sensitivity of the original bacterial content after pre-incubating samples in media. In case of Molecular assay was 
designed a new PCR and LAMP primer to study the specificity targeted to vhhP2 of V. harveyi. 
2. Methodology 
2.1 Immunological-based assay  
  
2.1.1 Preparation the bacterial  for the immunological-based assay 
  
The sources of V. harveyi(36 isolates), V. campbellii(3 isolates) in Table 1, 99 isolates of other Vibrio species.and 
Gram negative bacteria used for testing cross reactivity of the MAb are shown in Table 2. The bacteria were grown 
to exponential phase on a shaker at 37qC in 250 ml flasks containing tryptic soy agar (TSA; Difco, Sparks, MD, 
USA). TSA supplemented with 2% (w/v) NaCl was used for the Vibrio species. The bacteria were harvested by 
suspended in sterile phosphate buffered saline (PBS: 135 mMNaCl, 15 mM sodium phosphate, pH 7.2) 
centrifugation at 3,500 X g for 20 min at 4qC. Bacterial pellets were washed twice with PBS, suspended in PBS, 
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heat-killed at 60qC for 60 min and finally adjusted to OD 1 at 600 nm (approximately 109 CFU ml-1 for V. harveyi 
determined by plate counting). The resulting bacterial suspensions were divided into aliquots and stored at -70qC 
until used. 
 
Table 1 List of Vibrio harveyi and V. campbellii isolates and sources in this study 
 
2.1.2 Immunization 
An equal mixture of four isolates of heat killed V. harveyi (VH 3, 16, 21, 27) was prepared for immunization. 
Four 6-week-old female Swiss mice (purchased from National Laboratory Animal Center, Mahidol University, 
Nakornpathom province, Thailand) were injected intra-peritoneally with 50 μl (5 X 106 CFU mouse-1) of the 
prepared mixture (108 CFU ml-1) in an equal volume of complete Freund’s adjuvant. The three different mixture of 
V. harveyi was subsequently injected 3 more times with incomplete Freund’s adjuvant  at  two week intervals. One 
week after the fourth injection, mouse antisera were collected and pre-absorbed with an excess number of heat killed 
Aeromonascaviae for partial elimination of antibodies that recognized common epitopes among Vibrio and 
Aeromonas.Briefly, the antiserum from each mouse was mixed (1:10) with heat killed A.  caviae cell suspension 
(OD = 1) for 3 h, then centrifuged at 3000 X g for 30 min. The supernatant was recovered, diluted and tested against 
four isolates of V. harveyi by Western blotting. After the best performing mouse was identified, it was boosted with 
the same combination of V. harveyi preparation 3 days before hybridoma production. 
 
2.1.3 Hybridoma production 
The cell fusion protocol used in this study was modified according to the methods developed by KÖhler and 
Milstein (1976) and Mosmannet al. (1979). A P3X myeloma cell line was used as the fusion partner. Fusion 
products from 1 mouse were plated on 20 microculture plates (96-well plates). The initial screening was done by dot 
blotting against a mixture of 4 isolates of V. harveyi (VH 3, 16, 21, 27). The positive cultures were further screened 
by dot blotting against various Vibrio spp. and Western blotting The selected hybridoma were cloned by the limiting 
dilution method and stored in liquid nitrogen. 
 
2.1.4 Dot-blotting  
 
Heat-killed V. harveyi, Vibrio spp. and other bacterial preparations (OD = 0.1) were used for screening.Bacterial 
samples (1 μl spot-1) were spotted onto nitrocellulose membranes, baked at 60qC for 10 min, blocked in 1% Blotto 
(1% nonfat dry milk, 0.1% Triton X-100 in PBS) and incubated in each conditioned medium from a hybridoma 
culture at 1:20 dilution in 1% Blotto for 4 h. After extensive washing in 0.1% Blotto, the membrane was incubated 
in horseradish peroxidase labeled goat anti-mouse gamma immunoglobulin heavy and light-chain specific antibody 
Bacterial 
isolates Source 
Bacterial 
isolates Source 
Bacterial 
isolates Source 
V.  harveyi (n = 36) 152 (VH27) Unk 
639 (VH1) Penaeus monodon H4 (VH14) P.  monodon 170 (VH28) Unk 
1526 (VH2) P.  monodon H5 (VH15) P.  monodon 612 (VH29) Unk 
1114 (VH3) P.  monodon Surat (VH16) P.  monodon 886 (VH30) Unk 
VG (VH4) P.  monodon 47666-1 (VH17) Unk 1P (VH31) Green  mussel 
22.30 (VH5) P.  monodon LMG 22888 (VH18) Unk 4P (VH32) Green  mussel 
14126 (VH6) P.  monodon LMG 22889 (VH19) Unk 5P (VH33) Green  mussel 
25919 (VH7) P.  monodon LMG 22891 (VH20) Unk 7P (VH34) Green  mussel 
39804 (VH8) P.  monodon LMG 22893 (VH21) Unk 1C (VH35) Bloody clam 
1039i (VH9) P.  monodon LMG 22894 (VH22) Unk 4C (VH36) Bloody clam 
1039ii (VH10) P.  monodon LMG 22895 (VH23) Unk V.  campbellii (n = 3) 
1039III (VH11) P.  monodon MM30 (VH24) Unk LMG 21361 (Vcamp1) Belgium 
H1 (VH12) P.  monodon MM77 (VH25) Unk LMG 21362 (Vcamp2) Belgium 
H3 (VH13) P.  monodon 120 (VH26) Unk LMG 21363 (Vcamp3) Belgium 
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(GAM-HRP, Bio-Rad, Hercules, CA, USA) at 1:1500 dilution for 3 h. The membrane was then washed as before in 
0.5% Blotto and incubated for 5 min in a substrate mixture containing 0.03% diaminobenzidine (DAB), 0.006% 
hydrogen peroxide, and 0.05% cobalt chloride in PBS. Hybridoma cultures that displayed immunoreactivity specific 
to V. harveyi and V. campbellii were confirmed for bacterial specificity by Western blotting and  immunohistochemistry 
before cloning and cryopreservation. 
 
 
2.1.5 SDS-PAGE and Western blot analysis 
 
Heat-killed V. harveyi and other bacterial preparations (108 CFU ml-1, 5 μl lane-1) were separated by 15% SDS-
PAGE according to the method described by Laemmli (1970). Samples were electrophoresed for 6 h at 30 V and 
gels were stained with Coomassie brilliant blue R-250. For Western blotting, samples resolved by SDS-PAGE were 
electro-blotted onto nitrocellulose membranes for 3 h at 50 V using a Transblot apparatus (Bio-Rad). The 
nitrocellulose membranes were incubated in 1% Blotto for 10 min, treated with 1:100 hybridoma conditioned-
medium diluted with 1% Blotto for 4 h, and then treated as described above for dot blotting. Low molecular weight 
markers (Bio-Rad) were used as a standard.  
 
2.2 Molecular assay 
 
2.2.1 Preparation the bacterial  for the molecular assay 
 
A total of 72 bacterial isolates including 22 V. harveyi isolates, 16 non-V.harveyi and 34 non-Vibrio bacteria were 
used in this study(Table2). All Vibrio isolates were cultured using thiosulfate citrate bile salt (TCBS) agar while 
non-Vibrio isolate were cultured using tryptic soy agar (TSA; Difco) at 37°C overnight. To extract bacterial DNA, a 
single loopful of culture on TCBS agar or TSA agar was used with QIAamp DNA mini kit (Qiagen) according to the 
manufacture’s specification. The extracted DNA was then stored at -70°C until use. Therefore, DNA templates 
isolates from bacterial cultures were used to investigate the specificity of the PCR and LAMP-LFD amplification.  
 
2.2.2 Primers designed for PCR 
 
Primers specific to vhhP2 gene of V. harveyi were designed from pairwise alignment generated by blastn analysis 
between nucleotide sequence of V. harveyiT4 vhhP2 gene (GenBank accession no. FJ025787.1) and hypothetical 
protein gene of V. harveyi BAA-1116 (GenBank accession no. CP000789.1), lately identified as V. campbellii (Lin 
et al. 2010). The primers were designed by choosing the specific regions only to V. harveyi as a forward primer (5’- 
CAG CTC CCC GTT TTT TAA ACC -3’) and a reverse primer (5’- CCA CCA TAT CCA TCG ATA TCT GTT-
3’). Amplification with V. harveyi specific primers was performed with 35 cycles of 94°C for 1 min, 59°C for 30 sec 
and 72°C for 30 sec and final extension at 72°C for 10 min. The amplicon size is 157 bp DNA samples from non-
target bacteria and other Vibrio species (Table 2) were also used as PCR templates to test for the specificity of the 
designed primers. 
 
2.2.3 Primers design and optimization of FITC-labeled probe for LAMP-LFD assay 
 
Based on the nucleotide sequence of vhhP2 gene of V. harveyi (GenBank accession no. FJ025787.1), a set of four 
primers were designed using Primer Explorer V4 software (http://primerexplorer.jp/elamp4.0.0/index.html).  The 
biotin-labeled was added at the 5’end of the forward inner primer(FIP), The backward inner primer (BIP) and two 
outer primer (F3 and B3). The sequences of primers used for amplification of the vhhP2 gene region were shown in 
Table 3. 
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Table 2.Total of bacterial isolates and sources used in this study. 
 
Bacteria Sources 
 
 
Total of 
isolates 
Number of bacterial isolates  
for testing 
MAb PCR LAMP-LFD 
Vibrio harveyi (VH) Penaeus monodon, Green mussel, 
 Bloody clam 
36 36 32 22 
V. campbellii (Vcamp) Unknown 3 3 3 3 
V. alginolyticus (VA) Stool, Food, Seawater, P. vannamei, Green mussel, 
Oyster 
10 10 1 1 
V. cholerae (VC) Stool, Rectal swab, Food, P. vannamei, Shrimp, 
Water 
23 23 2 2 
V. f luvialis (VF) Stool, Rectal swab, Green mussel, 
 Bloody calm  
9 9 1 1 
V. vulnificus (VV) Hemoculture, Food, P. vannamei,  
Sea bass, Blood 
13 13 2 2 
V. mimicus (VM) Food, Water, P. vannamei, Patient,  
Rectal swab 
10 10 1 1 
V. parahaemolyticus (VP) Stool, Food, Aquatic animal, P. monodon, Chicken, 
Cuttlefish, Pork, Shrimp 
30 30 2 2 
V. anguillarum (Vang) Unknown 1 1 1 1 
V. ordallii (VO) Unknown 1 1 1 1 
V. penaecida (Vpen) Unknown 1 1 1 1 
V. shilonii (Vshi) P. vannamei 1 1 1 1 
Aeromonas caviae (AC) Stool 1 1 1 1 
A. hydrophila (AH) Carp’s kidney 1 1 1 1 
A. jandaei  (AJ) Unknown 1 1 1 1 
A. sobria (AS) Stool 1 1 1 1 
A. veronii (Aver) Unknown 1 1 1 1 
Edwardsiella tarda (ET) Unknown 1 1 1 1 
Enterobacter cloacae (EnC) Unknown 1 1 1 1 
Enterococcus faecalis (EF) Unknown 1 1 1 1 
Escherichia coli (EC) Unknown 1 1 1 1 
Klebsiella pneumoniae  (KP) Unknown 1 1 1 1 
Photobacterium damselae  
sub damselae (Pt dam) 
Sea bass 1 1 1 1 
Photobacterium damselae  
sub piscicida (Pt pis) 
Sea bream 1 1 1 1 
Plesiomonas shigelloides 
(Pshi) 
Rectal swab 1 1 1 1 
Pseudomonas aeruginosa 
(PA) 
Unknown 1 1 1 1 
Pseudomonas putida (PP) Cerebrospinal fluid 1 1 1 1 
Proteus vulgaris (PV) Unknown 1 1 1 1 
Salmonella enteritidis (SE) Unknown 1 1 1 1 
Shigella flexneri (SF) Unknown 1 1 1 1 
Yersinia ruckeri (YR) Unknown 1 1 1 1 
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Table 3 Primer of LAMP-LFD 
 
Primer Gene position Sequence 5’- 3’ 
F3 148-165 CAATTCGAAACAGGCGTG 
B3 354-371 AGTAAAGCTTGCCACACG 
Forward inner primer (FIP) 225-244(F1c)TTTT185-204(F2) CGCCACCACCATATCCATCGTTTT 
GGTTAGTCAATGGTGGAACA        
Backward inner primer (BIP) 248-273(B1c)TTTT312-333(B2) GGATGTAAATGAGTTTGGCTTTCCGTTTT 
TTGTCCTATGTTATACGGGTTG    
FITC-probe 283-302 FITC-AACAAGGGCAACAGAAATGG 
 
The LAMP-LFD assay was performed in a total of 25 μl of reaction mixture containing 40 pmol each of FIP-
Biotin and BIP, 5 pmol each of F3 and B3, 1.4 mMdNTP mix (Fermentas), 6mM MgSO4, 0.8M Betaine (Sigma-
Aldrich), 8 U Bst DNA polymerase large fragment (New England Biolabs) and 1x of supplied buffer and DNA 
template. The DNA probe was labeled with FITC at the 5’ end (Bio Basic Inc., Canada). According to the test 
protocol, after the biotin-labeled LAMP reaction was finished without heating inactivation, 5μl of DNA probe 
solution at 3 different concentrations (200, 20 and 2 pmol) was added to the biotin-labeled LAMP products before 
hybridization at 63°C for 5 min. Subsequently, 8 μl of the hybridized product was added to 120 μl of the assay 
buffer in a new tube (MileniaGenlineHybriDetect 2T, Gießen, Germany). After that, the LFD strip was dipped into 
the mixture and the test result appeared after 5 to 10 min. The concentration of DNA probe that gave the strongest 
signal on the test line was determined to be the optimal concentration for LFD assays. 
 
3. Result  
 
3.1 Immunological-based assay and Molecular assay 
The first group MAbs could be used for specific detection of V. harveyi and V. campbellii . The second group 
were specific to certain isolates of V. harveyi, derived from different sources. The MAbs could be applied as a tool 
to differentiate V. harveyi from other Vibrio spp. and other bacteria. In case of the PCR and LAMP-LFD  targeting 
the vhhP2 gene of V. harveyi could be distinguish V. harveyi from V. campbellii. 
 Table 4 This table showed the result for testing of Immunological-based assay and Molecular assay 
 
 
 
 
Immunological-based assay Molecular assay 
No. MAb (isotype) 
Sensitivity 
Dot 
Blotting 
(CFU/ml) 
Antigen 
Western 
blotting (kDa) 
Bacterial 
Immunoreactivity 
(Dot  Blotting) 
 
PCR 
  
 
LAMP-LFD 
1 VH9-11B (G2a) 5 x 107 32, 37 36/36VH, 
3/3Vcamp 
31/32 VH 
Sensitivity of pure 
culture = 1.1 x 103 
CFU/ml 
Sensitivity of spiked 
shrimp sample 
 = 1.8 x 104 CFU/g 
22/22 VH 
Sensitivity of pure 
culture  
= 1.1 x102CFU/ml 
Sensitivity of 
spiked shrimp 
sample  
= 1.8 x 103 CFU/g 
2 VH20-9C (G2b) 1 x 107 - 27/36VH, 
3/3Vcamp 
3 VH17-1G (M) 5 x106 10 13/36VH 
4 VH15-6G (M) 1 x107 10 13/36VH 
Group1 
Group2 
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4. Conclusion 
    The MAbs can be used to detect the bacteria using dot blotting with a sensitivity ranging from 107 to 108c.f.u. ml-1 
in pure culture. The detection sensitivity could be increased to that of various molecular assay after pre-incubation 
of V. harveyi. These MAb constitute convenient immunological tools that can be used for simple and rapid direct 
detection that cover most strains of both V. harveyi and V. campbellii. The molecular assay could  be used for  
V. harveyi differentiation from all other tested Vibrio species including a closely related species, V. campbellii. These 
method is a sensitive, rapid, simple and valuable tool for the detection of V. harveyi for monitoring the disease 
outbreak in aquaculture farm.  
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